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We developed a method for histochemical demonstration of a wide range of enzymes in freeze-substituted glycol methaaylate-cmbedded tissue. Tmue specimens were freezesubstituted in acetone and then embedded at low temperaruse in glycol methaaylate resin. All enzymes studied (oxidoreductases, hydrolases) were readily demonstrated. The enzymes displayed high activity and were accurately localized without diffusion when tissue sections were incubated in aqueous media, addition of colloid stabilizers to the in-
Introduction
Freeze-substitution is a method oftissue processing in which blocks of rapidly frozen tissue are dehydrated by an organic solvent at very low temperature (Harvey, 1982; Pearse, 1980; Feder and Sidman, 1958) . This technique ensures that tissue components are generally preserved in a native and reactive state and has been used as an alternative to tissue freeze-drying.
After freeze-substitution blocks of tissue are usually brought to room temperature and embedded in paraffin. Although this method gives good morphological preservation oftissue, the activity offew enzymes survives wax embedding owing to the high temperature ofthe molten wax. Therefore, freeze-substitution with wax embedding has rarely been used as a preparative method for enzyme histochemistry (Klaushofrr and Von Mayersbach, 1979; Ahlqvist, 1972 et al., 1988a; Pretlow et al., 1987a,b; Cohen et al., 1986; Soufleris et al., 1983; Beckstead et al., 1981) et al., 1988b,1989) .
In this study we investigated the use offreeze-substitution combined with low-temperature glycol methacrylate resin embedding as a novel preparative method for enzyme histochemistry.
Materials and Methods

Tissue Preparation
Animalc.
Female CD1 mice 8-14 weeks old, bred in the University of Aberdeen, were sacrificed by cervical dislocation and the liver, kidneys, spleens, and a segment of proximal jejunum were removed from each ani-mal. The excised tissues were washed in ice-cold 0.1 M phosphate buffer containing 7% sucrose to remove excess blood. Each tissue was divided into blocks no larger than 5 x 3 x 1 mm.
Freeze-substitution.
The blocks of tissue were rapidly frozen in melt- the resin was allowed to polymerize for 8-14 hr. The polymenized blocks were brought to room temperature and 2-jim sections were cut with a microtome fitted with a glass knife. The sections were floated out on cold water, mounted on glass slides, and air-dried at 4C for 1 hr before use.
One section from each block was stained with hematoxylin and eosin for assessment of tissue morphology. All the other sections were used for enzyme histochemistry.
Chemicals
All enzyme substrates and related chemicals were supplied by Sigma Chemical (Poole, UK), except where otherwise stated.
Enzyme Histochemistry
Deh genases (Murray et al, 1988a (Murray et al, ,b P arse 1972 . A stock incubating solution for the demonstration of lactate dehydrogenase and NADH dehydrogenase was prepared, consisting 12.5 ml ofo.1 M Tris-HCI buffer (pH 7.4), 2.5 ml 3-(4,5-dimethylthiarol-2-yl)-2,5-diphenyl tetrazolium bromide (MU) solution (2 mg MU/mI distilled water), 1 ml 5 mM magnesium chloride solution, 0.5 ml 50 mM cobalt chloride solution, 6 mg sodium azide, and 2.5 ml distilled water. The pH of the solution was adjusted to 7.4 and the solution was pre-heated to 37'C. The incubating medium for each dehydrogenase was as follows:
Stock solution 0.9 ml, 0.1 ml 1.0 M DL.sodium lactate (BDH Chemicals;
Poole, Dorset, UK), 2 mg NAD , and 0.32 mM phenazine methosulfate.
In one experiment a low-viscosity collagen digest (polypep) was added to the incubation medium at a final concentration of 40% w/v (Butcher, 1971 ).
NADHDehydrogenase.
Stock solution 0.9 ml, 2 mg NADH, and 0.1 ml distilled water. The activity of each dehydrogenase was demonstrated by placing 0.2 ml of the appropriate incubating medium over individual sections and incubating the sections in air in a humidified chamber in the dark at 37C for up to 1 hr. The slides were then washed in water, air-dried, and mounted in glycerine jelly.
Peroxidase (Iba,ze, 1972) . The activity ofthis enzyme waslocalized using an incubating medium consisting of 5 mM 3,3'-diaminobenzidine, 
Results
Tissue Morphology
Sections of freeze-substituted glycol methacrylate-embedded tissue displayed excellent preservation of tissue morphology ( Figure  1 ). All cellular structures appeared to be very well preserved, with no evidence of ice crystal damage throughout each tissue block.
Enzyme Histochemistry
All Original magnification showed marked lactate dehydrogenase activity, with no activity present in cnypts ( Figure  3 ). In the kidney, lactate dehydrogenase was localized to the cytoplasm of tubular epithelial cells. Activity of peroxidase was present in red blood cells, polymorphonuclean leucocytes, and a population of splenic macrophages ( Figure  4) . Marked acid phosphatase activity was identified in splenic macnophages and Kupffer cells of the liven ( Figure  9 ). In both sites it had a granular cytoplasmic localization. Alkaline phosphatase activity was present in the microvillous borders of renal tubules and small intestine villi ( Figure  10 ). Activity of this enzyme was also present in vascular endothelium.
Blocks of the acetone freeze-substituted, resin-embedded tissue have been stored at room temperature for at least 6 months, and during this period there has been no apparent loss of activity of any of the enzymes studied.
Discussion
We 'e..
The distribution and localization of each enzyme and the tissue morphology obtained with freeze-substitution and glycol methacrylate resin embedding were very similar to that obtained with tissue freeze-drying and low-temperature resin embedding (Murray et al., 1988b (Murray et al., ,1989 
